The striking common denominator to the experimental data and theoretical predictions for turbulent wall fires is that the flame height is proportional to the two-thirds power of the heat release rate term.
While the utility of entrainment coefficients is well established for turbulent jets, wakes, and plumes, there is another approach that could be employed in analysis of a burning wall. The alternate approach involves viewing the flame as a region of vorticity generation. Once the vorticity generation is modeled, the air required for combustion will be provided by induction rather than by a turbulent entrainment mechanism.
Objective
The objective of this analysis is the use of classical vorticity theorems to establish the relationship between flame height and burning rate for wall fires. where r is the circulation, and the right-hand side represents a surface integral of the vector cross product of density and pressure gradients. In a wall flame, the pressure gradient is vertical and the density gradient is horizontal. Figure 1 shows a schematic of an idealized wall flame and the corresponding pressure and density gradients. To the extent that these gradients are perpendicular, the vector cross product Figure 2 . Clrculation integration path will give a unity value to the trigonometric sine term. For the wall flame, Equation (2) Figure 2 shows an integration path for equation (3) . The x-axis integral can be approximated by the following term for the density gradient :
where TF is the flame temperature and T, is the ambient temperature (equivalent to To in Equation (1)).
Integrating over the distance 6 the term comes to
The pressure gradient term is that caused by gravity or eA g which can be written as gpIRT,,. Thus, the integral of Equation (3) Thus Equation (3) simplifies to:
This is because shrinking 6 to zero removes the line integrals in the x-direction, and outside the flame the y velocity vector is approximated as zero. Thus, Bjerknes theorem leads to the relationship that the velocity of gases in the flame are proportional to the square root of the distance from the base of the flame. Since the circulation around a loop is identical to the total vorticity of the area bounded by the loop, Equation (5) shows that the vorticity increases higher into the flame.
At this point, it is convenient to amass this dispersed vorticity into a single vortex filament. The vertical location of the vortex will be taken at the point where half the vorticity of the flame is above it. Since the circulation integral goes like the integral of the square root of y, the location of the vortex, yv will be taken when or when yf is 1.59 y,. Going back to Equation (5) and integrating the velocity through the entire flame, the total vortex strength at yv can be taken as This vortex will be located at a close but unspecified distance, 6 ,, from the burning wall.
At this point, the model of the vortex and its strength does not provide any relationship to the burning rate of the wall. To develop this relation, two further relationships are needed. First, it will be assumed that the flame tip occurs when enough oxygen has been brought into the flame to combust the burning wall volatiles at a stoichiometric ratio. Second, the vortex strength must be used to find the air induced into the flame. The first of these can be stated as:
The second requires a measure of the total flow induced by the vortex. Figure 3 shows the type magnetic field produced between two buss In this vein, the gas flow between the vortex location and the wall will be determined as shown in Figure 4 . That is, Figure 4 also shows a mirror vortex on the other side of the wall. This vortex is used to create a flow field preventing velocity components normal to the wall. To find the flow field induced by these vortices of opposite sense, the Biot Sarvart law is used as described in Reference [6] .
The induced velocity from each filament at the wall will consequently be If this is taken as the velocity induced in the flame at this point, then the volumetric flow will be given as Employing Equation (7) and (12) and multiplying by flame density, Using Equation (8), Equation (13) becomes Equation (14) shows that the flame height is proportional to the burning rate (or energy release rate) to the two-thirds power as shown in Equation (1) .
DISCUSSION
The form taken by the results of a vorticity analysis differs from the forms yielded in other analyses, primarily from the fact that the specific heat and the entrainment coefficient do not appear at all in the vorticity analysis. For comparison with Equation (1) , which has the parameters used for data analysis in this area, some reworking of Equation (14) 
